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ABSTRACT
The study used the What is Happening in this Class (WIHIC) questionnaire to measure 
students’ perceptions of their classroom environment, and the Test o f Science-Related 
Attitudes (TOSRA) to measure students’ attitudes toward science. The 62 participants 
were drawn from seven Grade nine applied science classes in three urban high schools 
located in South-western Ontario. Correlation analysis indicated nine significant 
correlations when each of the eight scales of WIHIC was compared with the seven scales 
of TOSRA. Multiple regression analysis indicated that there was a significant relationship 
between Adoption o f Scientific Attitudes and six of the eight scales of WIHIC. The mean 
class scores indicated low scores in the investigation and autonomy/independence 
dimensions of WIHIC, and high scores in the leisure and career interest in science 
dimensions of TOSRA.
iii
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CHAPTER I 
INTRODUCTION
Purpose
Since the introduction of a new science curriculum in Ontario in 1999, there have 
been increased demands on the students and an increased amount of material that needs 
to be covered. In the view of the author, many high school science teachers feel that the 
environment in the classroom has been affected. The curriculum and its accompanying 
methods of assessment are intended to provide an environment that is conducive to 
learning.
Science is important in today’s society, but there appears to be fewer students 
taking science-related courses in high school, and fewer teachers interested in teaching 
science. It is necessary for students to develop positive attitudes toward science in order 
for them to remain interested in studying science. Science teachers have the ability to 
foster the development of positive attitudes if they know what type of environment 
encourages positive attitudes.
The purpose of this study is to determine if there is a statistically significant 
relationship between students’ perceptions of the classroom environment and their 
attitudes toward science in grade nine applied science.
Definition of Terms
Classroom Environment: The shared perceptions of the students and teachers in 
that classroom (Fraser, 1994).
Student Attitudes Towards Science: Attitudes that are generally related to the 
study of science. For the purpose of this study student attitudes will be inferred from
1
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answers to seven scales found in Test o f Science-Related Attitudes. These seven scales 
are: Social Implications of Science, Normality of Scientists, Attitude toward Scientific 
Inquiry, Adoption of Scientific Attitudes, Enjoyment of Science Lessons, Leisure Interest 
in Science, and Career Interest in Science.
Test o f Science-Related Attitudes (TOSRA): Instrument used to measure the 
attitudes a student possesses towards science. The TOSRA contains the following seven 
scales: Social Implications of Science, Normality of Scientists, Attitude toward Scientific 
Inquiry, Adoption of Scientific Attitudes, Enjoyment of Science Lessons, Leisure Interest 
in Science, and Career Interest in Science.
What is Hapvenins in this Class questionnaire (WIHIC): Instrument used to 
measure the classroom environment. It contains the following eight scales: Student 
Cohesiveness, Teacher Support, Involvement, Autonomy/Independence, Investigation, 
Task Orientation, Co-operation, and Equity.
Research Question and Hypothesis
For the purpose of this research, the following question was asked:
i
What is the strength of the relationship between students’ perceptions of their 
classroom environment and their attitudes to science in grade nine applied science 
classrooms?
The following hypothesis, stated in the null, was tested:
There is no statistically significant relationship between students’ perceptions of 
their classroom environment and their attitudes to science in grade nine applied 
science classrooms.
2
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CHAPTER II 
REVIEW OF LITERATURE
Classroom Environment
Educators often refer to the classroom climate, environment, atmosphere, or tone. 
Regardless of the name used each refers to the feeling that permeates the classroom when 
students are actively learning. This environment in science classrooms has beeh 
investigated in many studies.
In a summary of key studies from the past 30 years in the field of environmental 
research, Fraser (1994) maintained that the quality of the classroom environment plays a 
significant role in student learning.
In a study designed to identify variables that promote effective learning 
environments in science classrooms, Huffman, Lawrenz, and Minger (1997) found that 
subgroups within grade nine science classes showed very few differences in their 
perceptions of the science classroom environment. Since many instruments use class 
means as a method of measuring the classroom environment, this study showed that class 
mean perceptions of the psychosocial learning environment are valid as units of analysis.
Nolen (2003) reported similar findings in a study of 22 high school science 
classes. It was also noted that students in science classes where the teachers were 
perceived to endorse independent scientific thinking and to encourage students to 
understand scientific concepts had higher achievement and greater satisfaction in science. 
Nolen concluded that the classroom climate can have a major impact on student learning 
and satisfaction in science.
3
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Levy, Den Brok, Wubbels, and Brekelmens (2003) pointed out that the learning 
environment was made up of many interacting factors and the study of the environment 
was complicated by the students’ perceptions and the researchers’ understanding of the 
environment. Their study also indicated that perceptions of the classroom environment 
for African-American students differed significantly from their peers’ perceptions. In 
particular African-American males perceived less leadership and helpful/friendly teacher 
behaviour than other groups in the class. Their study also showed that males thought that 
their male teachers were more helpful, friendly, and understanding than their female 
teachers.
Various instruments have been used to measure the classroom environment.
Fraser (1994) summarized these six commonly used instruments: Learning Environment 
Inventory (LEI), Classroom Environment Scale (CES), Individualized Classroom 
Environment (ICEQ), My Class Inventory (MCI), College and University Classroom 
Environment Inventory (CUCEI), and Science Laboratory Environment Inventory {SLEI). 
According to Fraser, each of these instruments was reliable and valid, to differing
i
degrees. Each instrument also classified the environment, more or less, on the following 
dimensions: relationship, personal development, and system maintenance and change.
The What is Happening in This Class (WIHIC) questionnaire (Fraser, Fisher, & 
McRobbie, 1996) was discussed by Fraser (1998). It combined modified versions of 
many of the scales from a range of existing questionnaires and additional scales that were 
concerned with contemporary educational goals. The original 90-item, nine scale version 
was reduced to 54 items in seven scales. This was expanded to 80 items in eight scales 
during further field testing. Fraser pointed out the potential problem that most
4
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environmental instruments face when used to identify differences between subgroups in a 
classroom. The problem is that questionnaires elicit the individual student’s perceptions 
of the classroom environment as a whole and not the student’s perceptions of his/her role 
in the class. For example, when seeking a student’s opinion on whether or not “the 
teacher is friendly to the class”, the distinction would need to be made if “the teacher is 
friendly to me”. This has been clarified by creating class forms and personal forms of 
environmental questionnaires.
Rickards, den Brok, Bull, and Fisher (2003), validated the WIHIC in California 
classrooms. Their results showed correlations between the scales of the WIHIC in the 
range of 0.20 to 0.81 indicating that the scales measured distinct yet somewhat 
overlapping variables. Their results also proved the reliability of the WIHIC yielding 
alpha reliability coefficients between 0.78 and 0.96 at the class level. In discussing the 
results, Rickards et al. reported that male students have a more favourable perception of 
the science learning environment than female students. Ethnic make-up variables and 
class size also displayed positive effects. There was a positive association between the 
number of ethnic groups in the classroom and their perception of student cohesion. There 
also appeared to be a positive correlation between the class size and investigation as 
measured by the WIHIC. The larger classes tended to score higher in the investigation 
dimension. This might be related to the idea that teachers have less time to spend with 
each individual student in larger classes and thus students are left to discover things on 
their own.
5
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Attitude Toward Science
Fraser (1994) discussed the associations that have been established between the 
science classroom environment and a variety of student outcomes. One of the most 
commonly discussed outcomes has been attitude.
Attitude has been a very difficult concept to describe since it cannot be directly 
observed. This has led to a variety of definitions. One definition treated attitudes as 
learned capabilities that influence a person’s choice of personal action and may result in 
changes in social behaviour. Attitudes will affect the choices that a learner makes and 
may be acquired from a variety of sources (Gagne, 1985, as cited in McCown et al., 
1996).
Shrigley (1983) reviewed the sociopsychological literature in order to define 
attitude. The five key elements that made up the concept of attitude were: attitudes are 
learned, attitudes predict behaviour, the social influence of others affect attitudes, 
attitudes are a readiness to respond, and attitudes are evaluative with emotion being 
involved. In order to measure attitude, Shrigley recommended that scales reflect the 
personal nature of attitude with egocentric items, the social nature of attitude with social- 
centered items, and the consistency sub-concept with action centered items.
Koballa (1988) extended the definition to explain scientific attitudes or attributes. 
These were behaviours that are associated with critical thinking and typically 
characterized the thinking processes of scientists. The affective variables according to 
Koballa were: attitude, belief, opinion, value, behavioural intention, and behaviour. The 
interaction of the affective variables helped to determine the scientific attitudes a student 
possessed. Koballa summarized three reasons for continuing to study attitudes. First, 
attitudes are enduring and seem to remain relatively stable over time. Second, attitudes
6
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are learned; students are not bom liking or disliking the study of science. Third, attitudes 
are related to behaviour, that is, students’ actions reflect their feelings toward objects and 
issues.
Simpson and Oliver (1990) pointed out some important issues relating to science 
attitudes in a ten-year study of students in North Carolina. From their research they 
concluded that the average American youth entered junior high school with a less than 
positive attitude toward science and that this attitude did not improve through high 
school. In fact, attitudes toward science became less positive each year from grades six to 
ten. The way students felt about science in grade ten was also a strong predictor of future 
achievement in science. Simpson and Oliver recognized that many variables contributed 
to a student’s attitude toward science but that classroom variables, such as class climate, 
characteristics and skills of the teacher, and the physical environment, exerted the 
greatest influence.
Many studies have demonstrated a positive correlation between the classroom 
environment and attitudes toward science. These studies have been carried out in many 
countries including: Australia (McRobbie & Fraser, 1993), Turkey (Telli, Cakiroglu, & 
Rakici, 2003), Canada (Ebenezer & Zoller, 1993; Zandvliet & Fraser, 1999), China 
(Chuang & Cheng, 2003), Singapore (Wong & Fraser, 1996), United States (Myers & 
Fouts, 1992; Simpson & Oliver, 1990; Talton & Simpson, 1987), and Korea (Lee & 
Fraser, 2002).
Talton and Simpson (1987) stressed the importance of the perceptions of the 
classroom environment on the attitudes students’ have toward science in tenth grade. All 
of the classroom environment variables that were measured were significantly correlated
7
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with attitudes toward science throughout the entire school year. Student feelings about 
the emotional climate and physical environment of the class, activities within the class 
and student interactions all played a role in how a student felt about science. Their 
findings indicated that the classroom needed to be stimulating and supportive in order to 
positively influence students’ attitudes.
Myers and Fouts (1992) studied high school students in the Pacific Northwest of 
the United States. Their study found a link between positive attitudes toward science and 
the classroom environment. Positive attitudes were found in science classrooms which 
had high levels of involvement, teacher support, student-student affiliation, order and 
organization, and teacher use of innovative teaching strategies. These classrooms also 
had low levels of teacher control. Their study suggested that science teachers had the 
greatest role to play in creating the positive environment that would lead to positive 
attitudes. Nolen (2003) noted the importance of teachers endorsing independent thinking 
and encouraging a desire to understand scientific concepts in creating a positive 
classroom environment.
i
In Australia, McRobbie and Fraser (1993) used the Science Laboratory 
Environment Inventory to assess student cohesiveness, open-endedness, integration, rule 
clarity and material environments. Student outcomes were measured using four attitude 
measures. The strongest finding was the relationship between the integration of work in 
the laboratory activities and non-laboratory classes and enhanced cognitive and attitude 
outcomes.
In Canada, Ebenezer and Zoller (1993) reported on some of the links between the 
classroom environment and student attitudes found in grade 10 science classes in British
8
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Columbia. The study noted that students preferred teaching and learning when they were 
able to take an active role and possessed some ownership and responsibility for the 
process. Teaching style was also noted to be linked with students’ attitudes toward 
science and science teaching.
Wood (1998) found a positive correlation between attitudes and effort. In the 
study, students in West Virginia were given the TOSRA in a pre-test and post-test design. 
The results indicated that science-related attitudes helped to predict the amount of effort 
put forth by high school students.
In a study using computerized classrooms in Canada, Zandvliet and Buker (2003) 
found that there was a complex mix of physical, psychosocial and contextual factors that 
contributed to the classroom environment and student outcomes. Teaching style, 
classroom design and the learning environment interacted to influence students’ 
satisfaction with learning.
Telli et al. (2003) reported in a study of Turkish high school students, that there 
was a strong link between student outcomes and their perceptions of their learning 
environment. The study also noted that gender was a significant factor in students’ 
perceptions of learning environments in biology. Surprisingly, girls tended to perceive 
the classroom environment more favourably than boys. This result contradicts research 
by Rickards et al. (2003), and points out once again the complex nature of the classroom 
environment.
Summary
Numerous studies have demonstrated that the learning environment is connected 
to a number of student outcomes and that attitude toward science is one of these
9
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outcomes. What is lacking in the current literature is a connection to the science 
classroom in Ontario and in particular to the applied science classroom.
With the introduction of a new Science curriculum in 1999 and the modifications 
that continue to occur there needs to be continual monitoring of what is happening in 
science classrooms around Ontario. Science teachers want to create the best learning 
environment possible and instil in their students a love for science. By assessing the 
classroom environment and determining what effect it is having on attitudes, it is hoped 
that this will be possible.
The grade nine applied science student presents additional challenges to the 
learning environment such as: discipline problems, attendance issues, lack of 
organizational skills, and lack of motivation. These factors must also be considered when 
discussing the environment that is perceived in the classroom.
This study is focussed on demonstrating the relationship between attitudes and the 
learning environment in applied science classrooms in South-western Ontario. As a 
consequence, a determination will be made of what makes a science classroom 
environment successful.
10
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER III 
DESIGN AND METHODOLOGY
Participants
For the purpose of this study, seven classes of grade nine applied science students 
from a South-western Ontario School Board were used. The classes were chosen from 
three different urban high schools. The three schools were chosen because, at the time of 
the research, each of these schools had grade nine applied science classes running. All 
seven classes were also semestered, as opposed to full-year courses. Other schools were 
excluded based on their location and lack of semestering.
Instrumentation
The What is Happening in this Class (WIHIC) questionnaire (Appendix A), as it 
appeared in Adolphe (2002) and developed by Fraser, Fisher and McRobbie (1996), was 
used to measure students’ perceptions of their classroom environment. The five possible 
responses were: Almost Never; Never; Sometimes; Often; and Almost Always. The 
questionnaire contained the following eight scales with ten items each:
Student Cohesiveness (SC) Extent to which students know, help and are
supportive of one another;
Teacher Support (TS) Extent to which the teacher helps, befriends, trusts
and is interested in students;
Involvement (IN) Extent to which students have attentive interest,
participate in discussions, do additional work and 
enjoy the class;
Autonomy/Independence (Al) Extent to which students have to make their own
11
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decisions and choose their own models of learning;
Investigation (IV) Emphasis on the skills and processes of inquiry and
their use in problem solving and investigation;
Task Orientation (TO) Extent to which it is important to complete activities
planned and to stay on the subject matter;
Co-operation (CO) Extent to which students cooperate rather than
compete with one another on learning tasks; and
Equity (E) Extent to which students are treated equally by the
teacher.
The Class Form, as opposed to the Personal Form, of the WIHIC questionnaire 
was used for this research. The Class Form asked questions that applied to the whole 
class whereas the Personal Form would have asked questions that applied to the student 
as an individual. The Class Form was used because it seemed less threatening to students. 
It did not ask students to reveal what they personally feel or experience in the classroom. 
The Class Form also allowed the students to report on the psychosocial classroom
I
environment as a whole.
The WIHIC has a preferred and actual form that can be used. The preferred form 
includes statements that ask the observer to indicate what would be the preferred 
classroom environment. The actual form contains similar statements that are worded in 
such a way as to determine what the actual environment is at the time of the research. The 
actual form was used for this study in order to compare what is actually happening in the 
classroom to the students’ attitudes toward science.
12
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The WIHIC scales were scored using a five-point Likert-type scale with the 
anchors of: (1) almost never and (5) almost always. Item numbers 34, 35, 36, and 37 were 
scored in reverse.
The original WIHIC was field-tested by Fraser, Fisher and McRobbie (1996), and 
was revised to form the current version. Fraser (1998) reported alpha reliability values for 
the WIHIC ranging from 0.81 to 0.93 and validity, measured using mean correlations, 
between 0.37 and 0.46.
The WIHIC was used successfully in a variety of studies (Adolphe, 2002;
Aldridge & Fraser, 2000; Chuang & Cheng, 2003; Dorman, Adams, & Ferguson, 2003; 
Pickett & Fraser, 2002; Rickards et al., 2003; Telli, et al., 2003; Zandvliet & Fraser,
1999).
In science classrooms in Taiwan and Australia, Aldridge and Fraser (2000) 
reported Cronbach alpha reliability values, using the class means, ranging from 0.87 to 
0.97. Their study showed that every scale of the WIHIC was able to differentiate 
significantly between classes (p<0.05).
In a study of science classrooms in Indonesia and Australia, Adolpe (2002) 
reported that the WIHIC was valid and reliable. The study yielded Cronbach alpha 
reliability values for the class means between 0.75 and 0.97, and measured discriminant 
validity values between 0.30 and 0.70.
In urban schools in the United States, Pickett and Fraser (2002) also found the 
WIHIC to be valid and reliable. Their study produced alpha reliability values between 
0.73 and 0.95 and discriminant validity using mean correlations ranging from 0.23 to 
0.58.
13
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The Test o f Science-Related Attitudes (TOSRA) (Appendix B) as it appeared in 
Adolphe (2002) and developed by Fraser (1981) was used to measure the attitudes of 
students toward science. The original test, as developed by Fraser, produced Cronbach 
alpha coefficient values ranging from 0.64 to 0.93, indicating that each TOSRA scale had 
good internal consistency reliability at each level. Values for test-retest coefficients, 
taken when students rewrote the test two weeks after the initial administration, also 
indicated that the TOSRA scales showed a strong test-retest reliability. Discriminant 
validity for the TOSRA was calculated using mean correlations of a given scale with the 
other scales. This produced values ranging from 0.13 to 0.40 and it was decided that all 
seven scales of the TOSRA would be considered as separate dimensions.
Adolphe (2002) reported that the TOSRA was both valid and reliable. The study 
produced Cronbach reliability values for the class means between 0.36 and 0.91 and 
produced discriminant validity values ranging from 0.10 and 0.32.
TOSRA has been used successfully in studies in Australia, Europe and Asia
(Adolphe, 2002; Dhindsa & Chung, 2003; Lin & Crawley, 1987; Telli et al., 2003). This
\
instrument has also been shown to be valid and reliable for American students (Smist, 
Archambault, & Owen, 1994).
The TOSRA uses a Likert Scale and is divided into seven scales with each scale 
containing 10 items. The seven scales are based on Klopfer’s (1971) classification system 
of attitudes toward science. The seven scales are: Social Implications of Science, 
Normality of Scientists, Attitude toward Scientific Inquiry, Adoption of Scientific 
Attitudes, Enjoyment of Science Lessons, Leisure Interest in Science, and Career Interest 
in Science. A modified description of each of the scales used by Fraser, including the
14
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
initial Klopfer classification is presented in Appendix C. The TOSRA scales were scored 
using a five-point Likert scale with anchors of: (1) strongly disagree and (5) strongly 
agree. The scales were calculated as classified in Table 2 (Appendix D). Negative items 
were scored in reverse.
Design and Procedures
The research study was a correlational study designed to examine the relationship 
between attitudes toward science and the classroom environment in grade nine applied 
science classes. This was done by comparing the results from the What is Happening in 
this Class (WIHIC) questionnaire (Appendix A) with the results from the Test o f  Science- 
Related Attitudes (TOSRA) (Appendix B).
Once permission was received from the University of Windsor Research Ethics 
Board and School Board, the seven classes were visited by the researcher to hand out 
permission forms and explain the purpose of the study to the students. Letters of consent 
and letters of information were sent home to the parents of the grade nine science 
students involved in the study. Students also received a letter of assent that explained the 
various aspects of the study.
The study was conducted over two days in the middle of April 2006. The students 
were given as much time as needed to complete the questionnaires.
Data Analysis
The data from the research study was compiled and analysed using the statistical 
software, SPSS.
To answer the research question, Pearson-Product moment correlation analysis 
was conducted between each of the eight scales of the WIHIC and the seven scales of the
15
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TOSRA. Multiple regression analysis was performed to determine the significance of the 
relationships. The researcher considered the results statistically significant at p<0.05.
The mean class scores and standard deviations were also calculated for each of 
the scales of the WIHIC and the TOSRA. These descriptive statistics were used to draw 
conclusions from the data.
16
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CHAPTER IV 
FINDINGS
Descriptive Statistics
The total number of TOSRA tests that were returned to the researcher was 62 and 
the total number of WIHIC tests was 69. The difference was due to student attendance 
issues. The breakdown was 40% females and 60% males for the TOSRA and the WIHIC 
was 39% females and 59% males with one person whose sex was not indicated.
Statistical analysis of the class means indicated that the leisure dimension of the 
TOSRA had the highest mean score with a value of 36.47 among the seven scales and 
that attitude toward scientific inquiry had the lowest mean score with a value of 24.39 
(Figure 1). Table 1 contains the descriptive statistics performed on the TOSRA results.
Figure 1: Mean Score Analysis for TOSRA Test Dimensions
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Table 1: Descriptive Statistics for TOSRA
N Range Min. Max. Sum Mean Std. Deviation Variance
Stat Stat Stat Stat Stat Stat Std. Error Stat Stat
SOCIAL IMP 62 36 5 41 1679 27.08 .796 6.271 39.321
NORMALITY 62 31 9 40 1690 27.26 .617 4.858 23.604
ATTITUDE 62 35 8 43 1512 24.39 1.023 8.052 64.831
ADOPT 62 28 9 37 1589 25.63 .685 5.390 29.057
ENJOY 62 44 4 48 1882 30.35 1.172 9.231 85.216
LEISURE 62 39 11 50 2261 36.47 1.035 8.148 66.384
CAREER 
Valid N (listwise)
62
62
42 8 50 2045 32.98 1.146 9.020 81.360
Statistical analysis of the class means for the WIHIC indicated that the task 
orientation dimension had the highest mean score with a value of 39.42 and that 
autonomy/independence (24.35) and investigation (27.30) had the lowest mean scores 
(Figure 2). Table 2 contains the descriptive statistics performed on the WIHIC results.
IS
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Figure 2: Mean Score Analysis for WIHIC Test Dimensions
5 15
Table 2: Descriptive Statistics for WIHIC
N Range Min. Max. Sum Mean Std. Deviation Variance
Stat Stat Stat Stat Stat Stat Std. Error Stat Stat
STUDENT COHE 69 27 21 48 2403 34.83 .795 6.604 43.616
INVOLVEMENT 69 29 15 44 2041 29.58 .922 7.661 58.688
TEACH SUPPORT 69 35 13 48 2293 33.23 1.024 8.506 72.357
AUTONOMY 69 26 10 36 1680 24.35 .670 5.562 30.936
INVESTIGATI 69 35 12 47 1884 27.30 .937 7.784 60.597
TASK ORIENT 69 31 19 50 2720 39.42 .972 8.074 65.188
COOPERATIO 69 36 14 50 2465 35.72 .958 7.957 63.320
EQUITY
Valid N (listwise)
69
69
35 15 50 2713 39.32 1.168 9.701 94.103
19
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Correlation Analysis
Results of the correlation analysis indicated a positive correlation at the 0.01 level 
between the equity scale of the WIHIC and the normality o f scientists and adoption o f  
scientific attitudes scales of the TOSRA (Table 3).The highest significant correlation was 
measured at 0.436 and this occurred between the investigation scale of the WIHIC and 
the adoption o f scientific attitudes scale of the TOSRA.
20
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Table 3: Correlation Analysis
SOC. IMP. NORM. ATTITUDE ADOPT ENJOY LEISURE CAREER
STUD. COHE. Pearson Correl. .042 .163 -.064 .205 .105 .099 .017
Sig. (2-tailed) .744 .205 .619 .110 .415 .444 .898
N 62 62 62 62 62 62 62
INVOLVEMENT Pearson Correl. .080 .224 .037 .3050 .204 .202 .123
Sig. (2-tailed) .535 .080 .776 .016 .112 .115 .341
N 62 62 62 62 62 62 62
TEACH SUPP. Pearson Correl. -.011 .136 .065 .3160 .051 .059 -.018
Sig. (2-tailed) .932 .290 .617 .012 .694 .650 .890
N 62 62 62 62 62 62 62
AUTONOMY Pearson Correl. -.012 .061 -.044 .168 -.060 .076 -.028
Sig. (2-tailed) .924 .638 .733 .192 .641 .557 .830
N 62 62 62 62 62 62 62
INVESTIGATI Pearson Correl. .007 .239 .065 .436(0 .192 .123 .214
Sig. (2-tailed) .959 .062 .615 .000 .135 .341 .094
N 62 62 62 62 62 62 62
COOPERATIO Pearson Correl. .185 .244 -.004 .3060 .096 .095 .045
Sig. (2-tailed) .150 .056 .977 .016 .458 .463 .727
N 62 62 62 62 62 62 62
TASK ORIENT Pearson Correl. .246 .208 -.006 .2520 .150 .089 .179
Sig. (2-tailed) .054 .104 .965 .049 .245 .491 .163
N 62 62 62 62 62 62 62
EQUITY Pearson Correl. ,258(*) ,347(**) .133 .383(0 .211 .213 .259(*)
Sig. (2-tailed) .043 .006 .304 .002 .100 .097 .042
N 62 62 62 62 62 62 62
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed).
The adoption o f scientific attitudes from the TOSRA showed positive correlations 
at either the .01 or .05 level with six of the eight scales of the WIHIC. The six scales 
identified were: involvement, teacher support, investigation, cooperation, task
21
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orientation, and equity. The equity dimension of the WIHIC showed a positive 
correlation with four of the seven dimensions of the TOSRA. The four scales identified 
were: social implications o f science, normality o f scientists, adoption o f scientific 
attitudes, and career interest in science.
Multiple Regression
Adoption o f scientific attitudes from the TOSRA yielded the greatest number of 
significant correlations and was chosen for multiple regression analysis. Adoption o f 
scientific attitudes was chosen as the dependent variable and was compared to 
investigation, equity, cooperation, task orientation, teacher support, and involvement.
Table 4 displays the summary of the model and the correlation coefficient R=.504 
and R2=.254.
Table 4: Model Summary
Model R R Square Adjusted R Square
Std. Error of the 
Estimate
1 .504(a) .254 .173 4.902
Table 5, the analysis of variance, was used to determine the significance of the 
relationship between adoption o f scientific attitudes and the classroom environment 
measures: investigation, equity, cooperation, task orientation, teacher support, and 
involvement.
Table 5: ANOVA for Regression
Model
Sum of 
Squares df Mean Square F Sig.
Regression 450.637 6 75.106 3.125 .010(a)
1 Residual 1321.830 55 24.033
Total 1772.468 61
22
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The total observed variability in the dependent variable is separated into 
variability explained by linear regression (Regression) and variability not explained by 
linear regression (Residual). The final model gave a statistically significant result of 
F(6,55) = 3.125. The displayed significance of .01 indicates that there is a significant 
relationship as .01 <.05.
Table 6 contains the variables and their coefficients that fulfilled the regression 
with the criteria set at Probability-of-F-to-enter < .05 and Probability-of-F-to-remove > 
.10. The following regression equation was derived:
Y (Adoption of Scientific Attitudes) = 13.183 + .236 (Investigation) + .128 (Equity) + 
.081 (Cooperation) - .065 (Task Orientation) + .059 (Teacher Support) - .048 
(Involvement)
Table 6: Coefficients
Model
Unstandardized
Coefficients
Standardized
Coefficients t Sig.
B Std. Error Beta
(Constant) 13.183 3.521 3.744 .000
INVESTIGATI .236 .100 .336 2.371 .021
EQUITY .128 .094 .227 1.366 .177
1 COOPERATIO .081 .120 .123 .670 .506
TASK ORIENT -.065 .106 -.100 -.608 .546
TEACH SUPPORT .059 .098 .091 .600 .551
INVOLVEMENT -.048 .125 -.069 -.383 .703
a Dependent Variable: ADOPT
Investigation (.336) and equity (.227) showed the highest positive beta values and 
task orientation (-.100) and involvement (-.069) displayed negative relationships with 
adoption o f scientific attitudes.
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The standardized residuals (zresid) histogram is illustrated in figure 3 and the 
normal probability plot (zresid normal p-p plot) is illustrated in figure 4.
Figure 3: Zresid Histogram
Dependent Variable: ADOPT
Regression Standardized Residual
24
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Mean =3.5E-16D 
Std. Dev. =0.95 □ 
N =62
Figure 4: Zresid Normal p-p Plot of Regression Standardized Residual
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CHAPTER V 
DISCUSSION AND CONCLUSIONS
Discussion of Results
Research Question. What is the strength o f the relationship between students ’perceptions 
o f their classroom environment and their attitudes to science in grade nine applied 
science classrooms?
To answer the research question, Pearson-Product correlation analysis was 
performed on the data from the two tests (Table 3). In comparing each of the seven 
dimensions of the TOSRA to each of the eight dimensions of the WIHIC, significant 
correlations were only found in nine cases. Adoption o f scientific attitudes from the 
TOSRA was positively correlated to six of the eight dimensions of the WIHIC. Equity 
from the WIHIC was positively correlated to four of the seven dimensions from the 
TOSRA.
Further analysis using multiple regression showed a significant relationship 
between adoption o f scientific attitudes and the classroom environment measures of:
I
investigation, equity, cooperation, task orientation, teacher support, and involvement.
This indicates that educators wishing to encourage the adoption of positive attitudes 
toward science should pay close attention to the classroom environment features 
mentioned above. Interestingly, a negative relationship was noted between adoption o f  
scientific attitudes and the task orientation and involvement scales. Students that 
perceived the classroom environment as overly task-oriented or too focussed on 
completing activities may have felt that they did not have the freedom to explore their 
interests nor exercise their curiosity. Students that felt that the classroom environment
26
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was one that encouraged involvement and class discussions may have felt that this also 
kept them from exploring personal scientific thoughts and questions.
Looking at some of the descriptive statistics in greater detail and considering the 
characteristics commonly associated with grade nine applied students may help to explain 
why more correlations were not observed. One of the common characteristics of grade 
nine applied students seems to be their apathy. This was evident in the lack of ' 
participation in this study. Seven classes, with approximately 140 students in total, were 
targeted for the study but only 69 students agreed to participate. Teachers commonly 
express their concerns over applied students’ lack of organization skills and their inability 
to follow through on assignments or tasks. This would help to explain the low number of 
returned permission forms.
Although all three schools in the study were semestered and the tests were done 
the same week, there are still tangible differences in what each class is learning at the 
time of the study. These differences might have affected students’ attitudes and 
perceptions of the environment at that time. The grade nine science curriculum consists 
of four units and each teacher usually has his/her own timelines on how to cover these 
units. Student attitudes toward the different units of the curriculum might vary 
considerably. For example, some students have a much more positive attitude toward the 
chemistry unit as opposed to the biology unit of the grade nine course. Teacher aptitudes 
toward one unit or lack of interest in another unit may also contribute to how the unit is 
covered by the teacher and thus how the student perceives the unit and develops attitudes 
toward the study of that unit. For example, many teachers of grade nine science feel 
uncomfortable teaching the Space unit and spend considerably less time and energy on
27
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this unit. It is for these reasons that it is likely that administering these tests at a different 
time of the year might yield very different results. This would certainly be a worthwhile 
study in order to determine how attitudes and perceptions might change as the units of the 
science course change.
Of concern in the WIHIC mean scores is the low score for the investigation 
dimension. The inherent nature of the applied course is that it is meant to be focused on 
students applying skills and knowledge by performing hands-on activities and laboratory 
activities. The indication that students do not believe their classroom environment is one 
that emphasizes skills and processes and their use in problem solving and investigation 
may impact negatively on their attitudes toward science. The importance of investigation 
in science classrooms is supported by a study that showed student achievement was 
higher in classes with more investigation (Pickett & Fraser, 2002).
The low score in the autonomy/independence dimension is also a concern for 
teachers and administrators. The perception that there is a lack of autonomy or
independence in their classrooms may contribute to applied students’ sense of apathy and
\
that they have no control over what is happening in their classroom. Zandvliet and Buker 
(2003) found that classroom environment data indicated that autonomy/independence and 
task orientation are associated with students’ satisfaction with learning. In their study, the 
autonomy/independence scale scored the lowest. In order for applied students to develop 
positive attitudes toward science, and school in general, they must have a sense that they 
have some control over what education has to offer them.
The grade nine applied classroom is a challenging teaching environment. In order 
to provide students with the opportunities to perform investigations, the teacher must feel
28
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that the students will behave appropriately and follow all safety guidelines. As challenges 
arise, it is often the investigations that are eliminated because the teacher does not feel 
that the students are responsible enough to conduct them. Unfortunately, this leads to a 
less than ideal classroom environment and may, in turn, lead to more discipline problems 
as these students feel they have less autonomy.
On the positive side, the WIHIC data indicated that students perceived their 
classroom environment to be task-oriented and a place where they are treated equally.
The TOSRA data indicated that students were interested in science-related activities, as 
evidenced by the high mean score in the leisure dimension. Students also showed a 
strong interest in pursuing a career in science.
Limitations
While attempts were made to limit threats to validity there were certain conditions 
under which internal validity may have been threatened. Extraneous variables such as: 
classroom tests, the physical environment (i.e. the heat), personal issues, and general 
mood toward the questionnaire may have influenced student attitudes and responses for 
that particular day. The lengths of the questionnaires may also have had an effect on the 
results. Grade nine applied students often have trouble staying on task and the amount of 
time required for them to focus on completing the questionnaires may have caused many 
to lose interest. Administering the questionnaires only once in a school year also limited 
the analysis of the actual environment within the science classroom to that particular 
period. Students’ perceptions of the environment in the classroom may be different from 
the actual environment in the classroom. Using a Likert-type scale was a limitation 
because respondents might not have appreciated the nature of fixed-alternative questions.
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Students may have also had difficulty interpreting some of the questions. Attitude scores 
may also have been affected by factors outside the science classroom, including, among 
other things, prior experience with science, parental education levels, preconceived 
notions of science, and peer influences. Program differences from school to school and 
teacher differences may have also had an effect on the results. A smaller than desired 
sample size also affected the ability of the researcher to make generalizations based on 
the results.
All of the classrooms that were used in the study contained a mix of cultures and 
genders. As noted in a study by Levy et al. (2002), perceptions of the classroom 
environment varied within subgroups based on gender and race. This would be another 
interesting study that could be done in the future to see what effect these subgroups 
within classes have on the environment and attitudes within grade nine applied science 
classrooms.
Recommendations
The results of this study that educators and administrators in secondary schools in 
Ontario need to take note of to better serve the needs of grade nine applied science 
students are found in the descriptive statistics. From the WIHIC, the low scores in the 
investigation (27.30) and autonomy (24.35) dimensions indicate areas where 
improvements can be made in the science classroom. From the TOSRA, the maximum 
score in each dimension was 50. The relatively high scores in the career interest in 
science (32.98) and the leisure interest in science (36.47) indicated that applied students 
recognize that science is important for their future and that science can be fun. These
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findings should help to encourage science teachers and make them aware that applied 
students are interested in science.
The significant relationship noted between adoption o f scientific attitudes and the 
classroom environment measures of: investigation, equity, cooperation, task orientation, 
teacher support, and involvement, should also be of interest to educators in Ontario. In 
order to encourage the development of scientific attitudes teachers should make sure 
these classroom environmental factors are controlled for.
Summary
Although the findings of this research study do not indicate a particularly strong 
relationship between the classroom environment and students’ attitudes toward science 
some of the results are relevant. The relatively strong correlation (0.436) between 
investigation and adoption o f scientific attitudes is of particular interest to science 
educators. The significant relationship between adoption o f scientific attitudes and 
investigation, equity, cooperation, task orientation, teacher support, and involvement is 
also important. The low mean scores in investigation and autonomy are concerns that 
should also be addressed by educators.
Further studies that incorporate a larger sample size and take into account the 
changing environment and different subgroups in the grade nine applied science 
classroom are recommended.
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APPENDICES 
APPENDIX A 
What is Happening in This Class? (WIHIC) Questionnaire
I
Please circle the following:
Sex: MALE FEMALE
Age: 13 14 15 16 17 18 19
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What is Happening in This Class?
Directions for Students
This questionnaire contains statements about practices that could take place in this 
classroom. You will be asked how often each practice takes place.
There are no “right” or “wrong” answers. Your opinion is what is wanted. Think about 
how well each statement describes what this class is like for you.
Draw a circle around
1 if the practice takes place Almost Never
2 if  the practice takes place Seldom
3 if the practice takes place Sometimes
4 if the practice takes place Often
5 if the practice takes place Almost Always
Be sure to give an answer for all the questions. If you change your mind about an answer, 
just cross it out and circle another.
Some statements in this questionnaire are fairly similar to other statements. Don’t worry 
about this. Simply give your opinion about all statements.
Practice Example
Suppose you were given the statement “I choose my partners for group discussion.” You 
would need to decide whether you choose your partners “Almost Always”, “Often”, 
“Sometimes”, “Seldom”, or “Almost Never”. If you selected “Often” you would circle 
the number 4 on your questionnaire.
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i  ^ * 1 1 |i
1- I make friendships among students in this class.
2. I know other students in this class.
3. I do favours for members of this class
4. I am friendly to members of this class.
5. Members o f the class are my friends._________
5
5
5
5
5
6. I work well with other class members.
7. I help other class members who are having 
trouble with their work.
8. Students in this class like me.
9. In this class, I get help from other students. 
Students help me with my homework
13.
14.
15.
16.
17.
The teacher takes a personal interest in me. 
The teacher goes out of his/her way to help 
me.
The teacher considers my feelings.
The teacher helps me when I have trouble with 
the work.
Hie teacher talks with me.
2
2
The teacher is interested in my problems.
Hie teacher moves about the class to talk with 
me.
18. It is alright for me to tell the teacher that I do 
not understand
19. The teacher^ questions help me to understand.
20. It is alright with the teacher if I am slower than 
other students in the class
21. I discuss ideas in class.
22. I give my opinions during class discussions.
23. The teacher asks me questions.
24. My ideas and suggestions are used during 
classroom discussions.
25. I ask the teacher questions.
2
2
....aSfe- -'2”v  _ iVi-i j.
2
2
2
2
3
3
3
3
26.
27.
28
29.
30
I explain my ideas to other students. 
Students discuss with me how to go about 
solving problems.
When starting a new topic, I discuss what I 
already know about it  
I am asked to explain how I solve problems. 
I discuss different answers to questions.
2
2
2
2
5
5
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34.
35. 
367
37.
I have a say in how their class time is used.
I have a say in deciding what activities they do. 
I have a say in deciding how their learning is 
assessed.
I am told how to do my work.
The teacher decides when I am to be tested.
4
4
The teacher decides how much movement and 
talk students are allowed.
The teacher decides when the class moves on to 
anew topic.
I am given a choice o f topics for assignments.
I am given a choice in which investigations I do. 
I work at my own
!r*& Is
I draw conclusions from investigations
42. I carry out investigations to test my ideas.
43. I am asked to think about the evidence for 
statements.
44. I cany out investigations to answer questions 
coining from discussions.
45. I explain the meaning o f statements, diagrams 
and graphs.____________________________
4
4
46.
47.
48.
49. 
50
53.
54.
55.
I cany out investigations to answer questions 
which puzzle me.
I solve problems by obtaining information from 
the library.
I carry out investigations to answer the teacher^ 
questions.
I find out answers to questions by doing 
investigations.
I solve problems by using information obtained 
from my own investigations.
2
2
2
2
2
3
3
3
3
3
4
4
4
4
4
- -.-•snr ’J&im , -f
I know what has to be done in this class 
Getting a certain amount o f wotkdoneis 
important to me.
I do as much as I set out to do.
Class assignments are dear so I know what I 
have to do.
I know the goals for this class.
2
2
5
5
5
5
5
5
5
56. I am ready to start this class on time.
57. I know what I am trying to accomplish in this 
class.
58. I pay attention during this dass.
59. I try to understand the work in this class.
60. I know how much work I have to do.
2
2
2
2
2
4
4
4
4
4
5
5
5
5
5
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61. I cooperate with other students when doing 
assignment work.
62. I share my books and resources with other 
students when doing assignments.
63. When I work in groups in this class, there is 
teamwork.
64. I work with other students on projects in this 
class.
65. i learn from other students in this class.
2
2
2
2
2
66. Students work with each other in this class.
67. I work with other students in this class.
68. I cooperate with other students on class 
activities.
l. Students work with me to achieve class goals.
)■ I work in groups in this class.
71. The teacher gives as much attention to my 
questions as to other students’ questions.
72. I get to use the equipment as much as other 
students.
73. I get the same amount of help from the teacher 
as do other students.
74. I have the same amount of say in this class as 
other students.
75. I am treated the same as other students in this 
class.
2
2
2
2
2
3
3
3
3
3
auHBSS
fT.iSiiiiii =ii!.aas^ iissa
5
5
5
5
5
76. I receive the same encouragement from the 
teacher as other students do.
77. I get the same opportunity to contribute to 
class discussions as other students.
78. I am asked the same number of questions as 
other students.
79. My work receives as much praise as other 
students'work.
80. I get the same opportunity to answer questions 
as other students.
2
2
2
2
2
5
5
5
5
5
3 6
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APPENDIX B 
Test of Science Related Attitudes (TOSRA)
Please circle the following: 
Sex: MALE FEMALE
Age: 13 14 15 16 17 18 19
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Test of Science-Related Attitude
(TOSRA)
Directions for Students
1. The test contains a number of statements about science. You will be asked what 
you yourself think about these statements. There are no “right” or “wrong” 
answers. Your opinion is what is wanted.
2. For each statement, draw a circle around:
1 if you STRONGLY AGREE with the statement;
2 if you AGREE with the statement;
3 if you are NOT SURE;
4 if you DISAGREE with the statement;
5 if you STRONGLY DISAGREE with the statement.
3. If you change your mind about an answer, cross it out and circle another one.
4. Although some statements in this test are fairly similar to other statements, you 
are asked to indicate your opinion about all statements.
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1. Money spent on science is well worth 
spending.
2. Scientists usually like to go to their laboratories 
when they have a day off.
3. I would prefer to find out why something 
happens by doing an experiment than by being 
told.
4. I enjoy reading about things that disagree with 
my previous ideas.
5. Science lessons are fun.
5
5
5
6. I would like to belong to a science club.
7. I would dislike being a scientist after I leave 
school.
8. Science is man’s worst enemy.
9. Scientists are about as lit and healthy as other
people.
10. Doing experiments is not as good as finding 
out information from teachers.
11. I dislike repeating experiments to check that I 
get the same results.
12. I dislike science lessons.
13. I get bored when watching science programs 
on TV at home.
14. When I leave school, I would like to work with 
people who make discoveries in science.
15. Public money spent on science in the last few 
years has been used wisely.
2
2
2
2
5
5
5
5
16. Scientists do not have enough time to spend 
with their families.
17. 1 would prefer to do experiments than to read 
about them.
18. I am curious about the world in which we live.
19. School should have more science lessons each 
week.
20. I would like to be given a science book or a 
piece of scientific equipment as a present.
-r*
2
2
2
2
2
5
5
5
5
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21. I would dislike a job in a science laboratory 
after I leave school.
22. Scientific discoveries are doing mote harm 
than good.
23. Scientists like spent as much as other people
do.
24. I would rather agree with other people than do 
experiments to find out for myself.
23. funding out about new things is unimportant
2
2
2
2
2
3
3
3
3
3
5
5
5
5
5
26. Science lessons bore me.
27. I dislike reading books about science during 
my holidays.
28. Working in a science laboratory would be an 
interesting way to earn a living.
29. The government should spend more money on 
scientific research.
30. Scientists are less friendly than other people.
31. I would prefer to do my own experiments than 
to find out information from a teacher.
32. I like to listen to people whose opinions are 
different from mine.
33. Science is one of the most interesting school 
subjects.
34. I would like to do science experiments at 
home.
33. A career in science would be dull and boring.
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
5
5
5
5
3
5
5
5
5
5
36. Too many laboratories are being built at the 
expense o f die rest of education.
37. Scientists can have a normal family life.
38. I would rather find out about filings by asking 
an expert than by doing an experiment.
39. I find it boring to hear about new ideas.
40. Science lessons are a waste o f time.
2
2
2
2
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41. Talking to friends about science after school 
would be boring.
1 2 3 4 5
42. I would like to teach science when I leave 
school.
1 2 3 4 5
43. Science helps to make life better. 1 2 3 4 5
44. Scientists do not care about their working 
conditions.
1 2 3 4 5
45. I would radio- strive a problem by doing an 
experiment than be told dm answer.
1 2 3 4 5
46. In science experiments, I like to use new 
methods which I have not used before.
1 2 3 4 5
47. I really enjoy going to science lessons. 1 2 3 4 5
48. I would enjoy having a job in a science 
laboratory during my school holidays
1 2 3 4 5
49. A job as a scientist would be boring. 1 2 3 4 5
50. This country is spending too much money on 
science.
1 2 3 4 5
H t f i g p i l p
51. Scientists are just as interested in ait and music 
as other people are.
i 2 3 4 5
52. It is better to ask the teacher the answer than to 
find it out by doing experiments.
i 2 3 4 5
53. I am unwilling to change my ideas when 
evidence shows that die ideas are poor.
i 2 3 4 5
54. The material covered in science lessons is 
uninteresting.
i 2 3 4 5
55. Listening to talk about science on the radio 
would be boriqg
i 2 3 4 5
56. A job as a scientist would be interesting. i 2 3 4 5
57. Science can help to make the world a better 
place in future.
i 2 3 4 5
58. Few scientists are happily married. i 2 3 4 5
59. I would prefer to do an experiment on a topic 
than to read about it in a science magazine.
i 2 3 4 5
60. In science experiments, I report unexpected 
results as well as expected ones.
i 2 3 4 S
41
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61. I look forward to science lessons. 2 3 5
62. I would enjoy visiting a science museum at the 
weekend.
2 3 5
63. I would dislike becoming a scientist because it 
needs too much education.
2 3 5
64. Money used on scientific projects is wasted. 2 3 5
65. If you met a scientist, he would probably look 
like anyone else you might meet
2 3
*
5
66. It is better to be told scientific facts than to 
find them out from experiments.
2 3 5
67. I dislike listening to other people’s opinions. 2 3 5
68. I would enjoy school more if there were no 
science lessons.
2 3 5
69. I dislike reading newspaper articles about 
science.
2 3 5
70. I would like to be a scientist when I leave 2 3 5
school.
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APPENDIX C 
Description of TOSRA Scales
Table 1
Scale Klopfer (1971) Classification Sample Item
Social Implications of 
Science
Manifestation of favourable 
attitudes towards 
science and scientists
Money spent on science is 
well worth spending. (+)
Normality of Scientists Scientists usually like to go 
to their laboratories when 
they have a day off. (-)
Attitude to Scientific 
Inquiry
Acceptance of scientific 
attitudes as a way of 
thought
I would prefer to find out 
why something happens by 
doing an experiment than 
by being told. (+)
Adoption of Scientific 
Attitudes
Adoption of “scientific 
attitudes”
I am curious about the 
world in which we live. (+)
Enjoyment of Science 
Lessons
Enjoyment of science learning 
experiences
I dislike science lessons. (+)
Leisure Interest in 
Science
Development of interest in 
science-related activities
I would like to belong to a 
science club. (+)
Career Interest in Science Development of interest in 
pursuing a career in 
science
I would dislike being a 
scientist after I leave 
school. (-)
* Modified from Fraser (1978).
Note. The items designated with (+) are scored 1,2,3,4,5 respectively for the Likert 
ranges from strongly disagree to strongly agree in the questionnaire. Items designated (-) 
are scored in the reverse manner. Missing or invalid responses are scored 3.
The Normality of Scientists was not initially classified by Klopfer and was 
described by Fraser (1978) as the acceptance of scientists as normal people rather than 
eccentrics.
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APPENDIX D 
Scale Analysis for TOSRA
Table 2
Scale Item number
Social Implications of Science 1, 8 (-), 15, 22 (-), 29, 36 (-), 43, 50 (-), 57, 
64 (-)
Normality of Scientists 2 (-), 9, 16 (-), 23, 30 (-),37,44 (-), 51, 
58 (-), 65
Attitude to Scientific Inquiry 3,10 (-), 17, 24 (-), 31, 38 (-),45,52 (-), 
59, 66 (-)
Adoption of Scientific Attitudes 4, 11(-), 18, 25 (-), 32, 39 (-), 46, 53 (-), 60, 
67 (-)
Enjoyment of Science Lessons 5, 12 (-), 19,26 (-), 33, 40 (-), 47, 54 (-), 
61,68 (-)
Leisure Interest in Science 6, 13 (-), 20,27 (-), 34, 41 (-), 48, 55 (-), 
62, 69 (-)
Career Interest in Science 7 (-), 14,21 (-), 28, 35 (-), 42,49 (-), 56, 
63 (-), 70
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